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1 INTRODUCTION 
 
Rockwater was engaged to construct and run a numerical groundwater model of the RAV 8 
mine-site and surrounding area; the model is to be used to predict the rate of water-level 
recovery in the mine workings, the impact of storing tailings in the mine pit on 
groundwater levels, and groundwater flow directions. 
 
Ore to be mined from Tectonic Resources’ Phillips River project, south of Ravensthorpe, is 
to be treated at RAV 8, and the tailings will be used to backfill the open-cut pit. There is 
expected to be 734,000 m3 of tailings per year, and that volume of tailings slurry will 
comprise 148,000 m3 solids and 586,000 m3 water, on average. The tailings will gradually 
consolidate to a density of about 1.5. 
 
Water for processing ore will be initially drawn from the storage dam, which contains 
about 700,000 m3, and then from the pit and underground workings. Supernatant water on 
the tailings will be used preferentially in processing ore. The water-recovery bores at the 
storage dam can also be used to supplement the water supply.  
 
The RAV 8 pit is 129 m deep, and has a volume of 3,300,000 m3 below RL 1157 mine 
datum (= 157 m AHD). The underground workings have a volume of about 250,000 m3. 
The layout of the site, including the pit, extent of the underground workings, the storage 
dam, and monitoring and recovery bores, is shown in Figure 1. 
 
This report describes the numerical groundwater model, including parameters, assumptions 
and calibration, and presents the results of model runs to predict changes in groundwater 
levels, groundwater flow directions, and flow paths. 
 
1.1 CLIMATE 
 
Ravensthorpe has a Mediterranean-type climate, with cool wet winters and warm to hot, 
dry summers. 
 
Average rainfall is 425 mm, and potential (pan) evaporation is about 2,000 mm. 
 
 

2 HYDROGEOLOGICAL SETTING 
 
2.1 MINE AREA 
 
Prior to mining, exploration drillholes at the RAV 8 deposit typically intersected 
groundwater at about 30 to 45 m depth in slightly weathered or fresh ultramafic rocks with 
carbonate alteration and some silicification.  The base of the ore body near the contact with 
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underlying quartzite was identified as being potentially very permeable.  The contact zone 
outcrops near the creek north of the deposit, and dips at about 30 degrees to the south-east 
to about 240 m depth in the southern part of the deposit. 
 
Prior to mining, a bore was installed in a drillhole (TRD21) in the central part of the 
deposit to provide water for diamond drilling.  The water salinity was 20,600 mg/L TDS 
(by conductivity) and had a pH of about 7.4.  The water had a sulphurous odour. 
 
The results of the exploratory drilling and pumping tests for the mine water supply 
(Rockwater, 1999) indicated that substantial volumes of saline groundwater were available 
from the ultramafic host rock, and the underlying quartzite.  The following aquifers were 
indicated: 
 
(1) Fractures in the ultramafic rock and the underlying quartzite, within about 20 m of 

the contact between them.  Water yields from this zone generally decreased with 
depth.   

 
(2) A northerly-trending shear zone that forms the eastern boundary of the main 

mineralised zone.  In this zone, the ultramafic rocks and the underlying quartzite 
were strongly fractured in production bore TRWP2, yielding high water flows. 

 
(3) The transition zone (slightly to moderately weathered) of the ultramafic rock.  
 
(4) Fractures in the ultramafic above the ore body. 
 
It is interpreted that there is a high degree of hydraulic connection between these aquifers, 
and that they are continuous with aquifers in quartzite outcropping to the west, north and 
east of the ultramafic host rocks. Hydraulic connection is enhanced by the mine workings. 
 
2.2 STORAGE DAM 
 
2.2.1 Geology 
 
Rocks underlying and downstream of the water storage dam are high-magnesium basalt, 
meta-sediments and ultramafic rocks that in other areas are generally of low permeability. 
Outcrops of fresh or slightly weathered rocks are common near the dam. Creeks draining 
the area may follow zones of weakness in the rocks that are more permeable.  
 
The geological map for Ravensthorpe (Witt, 1996) indicates that the storage dam is 
underlain by a tremolite-rich ultramafic rock, which extends eastwards along the northern 
half of the area investigated. South-east of the storage dam a narrow band of serpentinite 
trends south-east over several kilometres. The serpentinite is altered peridotite, which was 
probably intruded into the surrounding rock. Metasediments (conglomerate and 
greywacke) and colluvium are also mapped in the southern half of the area investigated. 
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In May 2002, test-drilling was conducted to obtain information on hydrogeological 
conditions down-gradient of the dam (Rockwater 2002). The lithological results from the 
drilling were consistent with the published data. To the north-east of the dam basaltic 
bedrock occurs between 0.5 m and 11 m depth. Inter-layered basalt and meta-sandstone 
occurs at 6 m depth immediately east of the dam, and meta-sandstone bedrock was 
intersected at about 12.5 m depth approximately 100 m further south. A zone of deep 
weathering occurs south-east of the dam where saprolitic clay extends to between 18 m and 
> 21 m depth. The saprolite is underlain by serpentinite. It is possible that the serpentinite 
and the saprolite act as a barrier to groundwater flow. 
 
2.2.2 Hydrogeological Characteristics 
 
Test drilling and pumping tests at the site (Rockwater 2002) indicate that the storage dam 
has been constructed in a region of generally low to very low permeability, and that the 
shape of the water table and groundwater flow directions are controlled by the local 
topography.  It is likely that structural features such as fractures control groundwater flow. 
For example, groundwater seepage has occurred along the tributary creek east of the dam, 
where higher hydraulic conductivities of 0.2 to 1.4 m/d were measured by test-pumping. 
 
Monitoring results obtained since Bores WB2 to 4 started pumping indicate that the 
basaltic rocks north from bores WMB1 to 3, and east of the dam, are moderately 
permeable. 
 
Groundwater Levels 
 
Groundwater levels indicate that groundwater flow is generally from the west to the east, 
away from the dam and towards Bandalup Creek, where it discharges. A groundwater low 
south-east of the dam (WMB15), where the water table is about 20 m lower than the site 
average, suggests that groundwater can occur in localised zones without significant 
interconnection.   
 
Dewatering operations at the underground mine have lowered water levels in the workings 
to 270 m or more below ground level, i.e. -110 m AHD. A strong hydraulic gradient exists 
toward the mine (Figure 2). 
 
Groundwater Quality 
 
Groundwater salinity east of the dam ranges from 21,000 to 39,000 mg/L TDS. The pH is 
generally near neutral, but one bore (WMB18) has moderately acidic water with pH around 
4 to 5. 
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3 NUMERICAL GROUNDWATER MODEL 
 
3.1 MODEL DESCRIPTION 
 
Models previously constructed to predict dewatering requirements (Rockwater, 1999) and 
to assess the effects of the storage dam and groundwater recovery bores (Rockwater, 2002) 
were used as the basis for the new model. 
 
The model consists of a rectangular grid of 72 rows, 62 columns and one layer covering an 
area of 3.4 km east–west and 4.5 km north–south, centred on the mine. The size of model 
cells ranges from 25 m by 33 m east of the dam, to 50 m by 33 m in the mine area, and 150 
m by 100 m in some peripheral areas. 
 
The model utilises Processing Modflow Pro with Modflow96, the industry-standard 
groundwater modelling software constructed by the U.S. Geological Survey (McDonald 
and Harbaugh, 1998). 
 
3.2 MODEL PARAMETERS 
 
Model parameters were initially those of the earlier models, and were varied during 
calibration of the model (Section 3.3, below). 
 
The assigned hydraulic conductivity values range from 0.005 to 0.01 m/d for the low-
permeability metasediments and high-magnesium basalt south of the South Coast 
Highway; 0.072 m/d for the ultramafic rocks and quartzite north of the highway; 0.4 to 2.6 
m/d where there are more-permeable rocks on the eastern side of the storage dam; 0.2 to 
0.3 m/d along the drainage lines; and a very high value (100 m/d) for cells representing the 
mine workings. 
 
Tailings permeability was assumed to be 0.0009 m/d (1 x 10-8 m/sec), based on 
consolidation tests carried out by Coffey Geosciences. The model was also run with a pre-
consolidation value of .009 m/d (1 x 10-7 m/sec) – calculated heads in the tailings were 
only slightly lower, and travel times to Bandalup Creek slightly higher. 
 
Specific yield of 0.01 was adopted in general, and 0.04 in the higher-permeability area east 
of the storage dam. The mine workings were assigned a specific yield of 1 (or 
proportionately less if only part of the model cell represents open workings). Values of 
specific yield for cells representing the pit and underground mine were adjusted so that the 
volumes of the pit and underground workings were accurately simulated in the model. 
 
The aquifer base was set at 100 m below ground level, and 125 m at the mine. Most 
permeable zones except the underground workings will be above that depth. 
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Recharge rates in the area are evidently very low, probably around one percent of the 
rainfall, and so were assumed to be zero in the model. Exceptions are the storage dam and 
the pit, where 80 percent of average rainfall (= to 196 mm/a) is assumed to be retained 
within them. Once the pit is full of tailings, recharge rates will again be negligible. 
 
Evaporation from the storage dam, and from tailings in the pit was taken to be at the 
average dam evaporation rate given in Luke, Burke and O’Brien (1988) – 1,640 mm/a. 
 
The model boundaries are outside of the area affected by mining, and were set as constant 
heads to represent groundwater flows into and out of the modelled area. 
 
Modflow’s drain package was used to simulate groundwater discharge along Bandalup 
Creek. Drain elevations were set at the elevation of the creek bed, and drain conductance 
was assumed to be 0.5 – 1 m2/d (depending on cell sizes). 
 
3.3 MODEL CALIBRATION 
 
The model was run to simulate mine dewatering, infiltration from the storage dam, and 
pumping from recovery bores to January 2004, when a full set of groundwater-level 
measurements were made in monitoring bores east of the storage dam and in some 
exploration holes south of the mine. 
 
Values of hydraulic conductivity were adjusted, until there was a close match between 
model-calculated and observed groundwater levels (Fig. 2); and the model closely 
represented the measured total flows to the underground workings and recirculation to the 
workings from the storage dam (approximately 1,600 and 900 m3/d, respectively). 
 
The calibration to both groundwater levels and flows means that the model should be a 
good representation of aquifers around the mining area and east of the storage dam. 
 
3.4 MODELLING RESULTS 
 
The model was first run to simulate groundwater level changes and materials balance 
(water plus solids) over a five-year period after completion of mining and dewatering, 
when water will be pumped for processing ore, and tailings will be emplaced in the RAV 8 
pit. 
 
Water in the storage dam will be used first for processing ore, and this will last for about 
14 months, provided the recovery bores are used to supplement the supply. Water will then 
be drawn from the pit (supernatant tailings water) and possibly the underground workings. 
It is assumed that the recovery bores will continue to be pumped to the end of the second 
year. 
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The modelling results indicate that tailings and groundwater inflows will fill the 
underground workings within the first three months. Total water flows to the mine pit 
(groundwater inflows plus tailings water) will be about 1,940 m3/d at the end of the first 
year, decreasing to about 1,030 m3/d at the end of the second year and further in 
subsequent years. At these rates, the pit will be full of tailings and water after about five 
years of emplacing 734,000 m3/year. The actual life of the pit as a tailings storage is 
difficult to predict, as groundwater inflows to the pit will become outflows in the later 
stages, and there will be variable evaporation rates and rainfall accumulation. 
 
The model was then run to simulate the recovery and stabilisation of groundwater levels 
over a period of 50 years from the completion of tailings emplacement, with the modified 
hydrogeological environment (low-permeability tailings that are slowly draining, high-
permeability of the underground workings, and high water levels in the pit).  
 
PMPATH (Chiang and Kinzelbach, 1994), an advective transport model, was used to 
calculate the flow path and travel time for groundwater to flow from the TSF to Bandalup 
Creek. The results (Fig. 3) indicate that water from the tailings would take about 50 years 
to reach the creek. 
 

4 CONCLUSIONS 
 
The RAV 8 mine is in an area of crystalline rocks of Archaean age that are generally of 
low permeability. There are some zones of higher permeability in the ultramafic host rock, 
particularly near the base of weathering, near the contact with an underlying quartzite, and 
along a northerly-trending shear zone. There are also some permeable metasediments and 
basaltic rocks underlying and east of the water storage dam. 
 
At present, the mine is being dewatered to enable underground mining. Water inflows to 
the mine are around 1,600 m3/d, of which about 900 m3/d is water recirculating from the 
storage dam. Some of the leakage from the dam is intercepted by a drain and recovery 
bores east of the dam, and is pumped back to the dam. 
 
When mining is finished at RAV 8, water stored in the dam and water pumped from the 
recovery bores, will be used to treat ore from the Phillips River project. Tailings are to be 
used to backfill the RAV 8 pit. The dam will be emptied after about 14 months, and then 
water will be drawn from the pit and the underground workings.  
 
Calculations indicate that groundwater inflows and the tailings will fill the underground 
workings within three months. The level of water (and tailings) will then continue to rise in 
the pit, and the pit will be filled in about five years. The actual time taken to fill the pit will 
depend on some factors that are difficult to define, such as evaporation rates and seepage 
rates from the tailings back into the surrounding ultramafic rock. 
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Once tailings emplacement has been completed, water levels in the tailings will gradually 
decline, and those in the surrounding rocks will recover to new equilibrium levels that are 
influenced by the low permeability of the tailings and high permeability of the underground 
workings. The modelling results indicate that water in the tailings will flow slowly to 
discharge zones along Bandalup Creek, taking about 50 years to travel the 1,400 m distance. 
 
The results of the modelling should be taken as best estimates, as rocks in the area are 
heterogeneous, and have only been hydraulically tested at a few locations. 
 
 
Dated: 31 January 2005   Rockwater Pty Ltd 
 
 
 
 
 
      P H Wharton 
      Principal Hydrogeologist 
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